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SWOT Analysis of NetCDF

1 BACKGROUND

The extraordinary session of CBS (Seoul, Republic of Korea, and November 2006) agreed to study the implications of using data forms, such as XML or NetCDF, for meteorological data, especially in operational meteorological data real time exchanges, and to assess the development efforts and resources that would be required. CBS established an Expert Team on the Assessment of Data Representation Systems (ET-ADRS) within the OPAG-ISS for assessing advantages and disadvantages, including implications (need for defining standardization, data processing development and integration, costs and benefits: flexibility, compression, feasibility of implementation, etc.), of different data representation systems (e.g. BUFR, CREX, XML, NetCDF, HDF) for use in real time operational international exchanges between NMHSs and in transmission of information to users outside the NMHSs.  

This presentation includes a Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis of netCDF.

2 INTRODUCTION

NetCDF (network Common Data Form) is a set of software libraries and machine-independent data formats that support the creation, access, and sharing of array-oriented scientific data. The original intention of developing netCDF is to provide a common data form to share data among the Unidata projects. 

NetCDF is in continuous evolution. Until now netCDF version 3.6.2 and version 4.0-beta1 has been released. Version 3 of netCDF is widely used in atmospheric and oceanic sciences due to its simplicity. NetCDF version 4 has been designed to address limitations of netCDF version 3 while preserving useful forms of compatibility with existing application software and data archives. With the development and imminent release of netCDF-4, a richer but more complex data model will be available. Some of the new features in netCDF-4 provide better ways to represent observational data, new ways to represent metadata, and ways to make data more self-describing for communities outside the traditional atmospheric, ocean, and climate modeling communities. In version 4.0, netCDF adds the use of HDF5, another popular data format and set of libraries, as a storage layer. Many of the advanced features supported by the HDF5 format become available to netCDF users with the 4.0 release, including an expanded data model, compression, chunking, parallel I/O, multiple unlimited dimensions, groups, and user defined types.

2.1 Consist of NetCDF

NetCDF is consists of a conceptual data model, a set of binary data formats and a set of APIs for C/Fortran/Java. 

The conceptual data model contains a set of objects, operations, and rules that determine how the data is represented and accessed. 

The classic model of netCDF represents data as a set of muti-dimensional arrays, with sharable dimensions, and additional metadata attached to individual arrays or the entire file. 

In netCDF terminology, dimensions describe the axes of the data arrays. A dimension may be used to represent a real physical dimension, for example, time, latitude, longitude, or height. A dimension might also be used to index other quantities, for example, station or model-run-number. A dimension has both a name and a length. An unlimited dimension has a length that can be expanded at any time, as more data are written to it.

Variables are used to store the bulk of the data in a netCDF dataset, which may share dimensions, and may have attached attributes. A variable represents an array of values of the same type. A scalar value is treated as a 0-dimensional array. A variable has a name, a data type, and a shape described by its list of dimensions specified when the variable is created. A variable may also have associated attributes, which may be added, deleted or changed after the variable is created. NetCDF attributes are used to store data about the data (ancillary data or metadata), similar in many ways to the information stored in data dictionaries and schema in conventional database system. 

NetCDF-4 expands this model to include elements from the HDF5 data model, including hierarchical grouping, additional primitive data types, and user defined data types. The new data model is a superset of the existing data model. With the addition of a nameless "root group" in every netCDF file, the classic model fits within the netCDF-4 model.

NetCDF-4.0 supports three binary data formats:

1. Classic – the original netCDF binary data format

2. 64-bit offset – the variant format which allows for much larger data files

3. netCDF-4 – the HDF5-based format, with netCDF-specific constraints and conventions.

Additionally there is one "virtual" format: netCDF-4 classic model. This format is obtained by passing the classic model flag when creating the netCDF-4 data file. Such a file will use the netCDF-4 format restricted to the classic netCDF data model. Such files can be accessed by existing programs that are linked to the netCDF-4 library.

There are some programming APIs and Libraries that makes netCDF available in various

computer programming languages. The language APIs are implemented in two distinct cores

Libraries: the original C library and the independent Java library. The FORTRAN and C++ APIs call the C library functions. All other APIs not in a Java environment are based on the C library. NetCDF-4 has been fully implemented in the C library; implementation in the Java library is underway.

2.2 USAGE

The following descriptions list some of the projects and groups that have reported on their use of netCDF. For more information about them see the http://www.unidata.ucar.edu/software/netcdf/usage.html

	Group
	Project
	Use

	NOAA's Climate Analysis Branch (CAB)
	
	archive climatological data

	
	Climate Model Diagnosis and Intercomparison
	the output format that modeling groups contribute to the IPCC model

	NASA 
	Halogen Occultation Experiment
	archive HALOE data 

	Los Alamos National Laboratory
	The global ocean modeling
	archive the computational data

	The National Center for Supercomputing Applications
	
	Incorporated the netCDF interfaces into the HDF software

	NOAA's Pacific Marine Environmental Laboratory (PMEL)
	the EPIC system (for observational data) and Ferret (gridded data).
	visualization and analysis

	Lamont-Doherty Earth Observatory of Columbia University
	Marine Geology & Geophysics Database
	archive Marine Geophysics data

	
	Generic Mapping Tools (GMT)
	storage 2-D gridded data sets

	the EPA's Atmospheric Research Laboratory and by North Carolina Supercomputing Center
	The Models-3 Project
	storage observational and model-output data

	A group in the Atmospheric Chemistry Division at NCAR
	
	post-model visualization and diagnosis

	NCAR's Research Data Program
	
	archive, display and analysis

	NCAR
	The Cooperative Program for Operation Meteorology, Education, and Training (COMET)
	created an extensive archive of meteorological case studies that contain observed and gridded data in netCDF

	the NOAA Regional Climate Centers
	
	Archive climate data

	The Earth Scan Lab
	
	use netCDF for ease of data exchange of AVHRR, TOVS and DCS data. Further, in conjunction with Woods Hole, Scripps and Texas A&M, CSI will be maintaining all oceanographic data in netCDF. 

	DataHub from JPL
	
	convert from a variety of NASA data formats to netCDF

	TAO Project Office
	
	distributes, displays and animations with netcdf format

	The Woods Hole Field Center of the U.S.G.S. Marine and Coastal Geology Program
	
	access a variety of scientific data sets

	the Woods Hole Oceanographic Institution
	
	archive and process

	Scripps Institution of Oceanography (SIO) and the University Corporation for Atmospheric Research (UCAR)
	multi-platform climate field project
	archive

	The Oregon State University Oceanographic Research Vessel WECOMA
	
	uses the netCDF library for primary scientific data logging, includes navigational, meteorological, and other miscellaneous data.

	NOAA's Forecast System Laboratory
	
	data access interface

	The CSIRO Division of Atmospheric Research in Australia
	
	store all their GCM and ocean model results. 



	CIRES
	
	store, display and analyze  meteorological data from satellites and  several data analysis packages have been written to display and analyze the netCDF data. 

	Sandia National Laboratories
	A general purpose finite element data model
	develop a general purpose finite element data model utilizing netCDF 

	
	MBDyn
	output format

	Analytical Instrument Association(AIA) 
	
	implement the Analytical Data Interchange Protocols [Andi Protocols] for chromatography

	The Positron Imaging Laboratories and the Neuro-Imaging Laboratory of the Montreal Neurological Institute
	
	handle image data and define MINC (Medical Image NetCDF) format convention


3 STRENGTHS

The feature of NetCDF Format is self-describing, portable, direct-access, appendable, sharable and archivable.

(1) Self-Describing 

A netCDF file includes information about the data it contains. The components of a netCDF data set are its variables, dimensions, and attributes. Each variable has a name, a shape determined by its dimensions, a type, some attributes, and values. Variable attributes represent ancillary information, such as units and special values used for missing data. Incorporation of metadata with the data reduces possibilities for misinterpreting the data and makes programs immune to changes caused by the addition of new variables or other additions to the data schema. Relatively speaking, BUFR and GRIB are not full self-describing, they need refer to external tables.

(2) Portable

A netCDF file can be accessed by computers with different ways of storing integers, characters, and floating-point numbers. 

NetCDF is a data model independent of any particular programming language. For example, a netCDF file written by a C language program may be read from a FORTRAN program and vice-versa.

The netCDF format provides a platform-independent binary representation. In netCDF classic format files (and 64-bit offset format files), numeric data are stored in big-endian format. On little-endian platforms, netCDF is converted to big-endian when the data are written, and converted back to little-endian when read from the file. In netCDF-4 files, the user has direct control over the endianness of the each data variable. The default is to write the data in the native endianness of the machine. This is useful in cases where the data are to be read on the same machine, or machines of similar architecture. The platform-independent able reduce the programming effort spent interpreting application- or machine-specific formats.

All of these make it possible for sharing common data files among different applications, written in different languages, running on different computer architectures; 

(3) Direct-access

By the netted interface, a small subset of a large dataset may be accessed efficiently, without first reading through all the preceding data. Reading and writing data by specifying a variable, instead of a position in a file, makes data access independent of how many other variables are in the dataset, making programs immune to data format changes that involve adding more variables to the data.

(4) Appendable

Data may be appended to a properly structured netted file without copying the dataset or redefining its structure. 

(5) Archivable  

NetCDF can be used as a general purpose archive format for storing arrays. Access to all earlier forms of netCDF data will be supported by current and future versions of the software.

(6) Compression and transparent reading 

NetCDF-4 uses the zlib library to allow data to be compressed and uncompressed as it is written and read. The data writer must set the appropriate flags, and the data will be compressed as it is written. Data readers do not have to be aware that the data are compressed, because the expansion of the data as it read is completely transparent.

4 WEAKNESSES

(1) More space and more network bandwidth

NetCDF can be used to store a variety of data types that encompass single-point observations, time series, regular grids, and satellite and radar images. But if a single file including only a few stations, it will need more spaces, due to every file will include the metadata of the data.

The main drawback of netCDF is that the resulting files are far from small. So if we use netCDF format as the data representation systems in real time operational international exchanges between NMHSs and in transmission of information to users outside the NMHSs, it will need more network bandwidths.
There is the comparison of file size between files BUFR encoded and netCDF encoded on certain stations below. The BUFR files are received from GTS and the netCDFfiles is encoded from the elements which are decoded from the same BUFR files as mentioned.

Based on these data in the table, we can find, that the files encoded by netCDF will cost more storage space than these encoded by BUFR to the data on the same station number, but meanwhile, we can find also, that with the increase of the station number, the rate of increase of the file size encoded by netCDF is much lower than that by BUFR.

Table 1:  the file size comparison between files BUFR encoded and netCDF encoded

	The total stations included in a file
	File size (encoded by BUFR)

（unit：KB）
	File size (encoded by netCDF)

（unit：KB）

	1
	1
	15

	3
	1
	16

	59
	10
	39


(2) About readability

NetCDF file is a binary file. It increases computer performance but reduces human readability. In order to avoid the drawback, Unidata developed some utilities like ncdump and ncgen provide human readability and text-editor writ ability respectively. 

5 OPPORTUNITIES  

(1) Sustained and stable 

NetCDF was developed and is maintained by Unidata, one of eight programs in the University Corporation for Atmospheric Research (UCAR) Office of Programs (UOP), funded primarily by the National Science Foundation. UCAR is a not-for-profit organization, which helps to maintain a sustained and stable development. 

(2) APIs and tools

The Unidata’s netCDF not only defines a data model but also contains a package of available software including some APIs and tools. 

The netCDF APIs can create and access netCDF datasets and transform, combine, analyze, or display specified fields of the data. 

Currently two netCDF utilities are available as part of the netCDF software distribution: ncdump and ncgen. The ncdump command can be used to examine the metadata of a netCDF file, to see what it contains. The ncgen command can be used to generate a netCDF data file from an ASCII file in CDL format. Users have contributed other netCDF utilities, and various visualization and analysis packages are available that access netCDF data. 

The netCDF distribution comes with interfaces for C, Fortran77, Fortran90, and C++. These four language interfaces have been ported to many different UNIX platforms (including the Macintosh), and have also been ported to Windows. Other languages for which interfaces are available separately include: Ada，IDL，Java，MATLAB，Perl，Python，R，Ruby and Tcl/Tk .

(3) Free and open-sources

Unidata's netCDF software is freely and open-source available via FTP which encourages its widespread use and the sharing of both array-oriented data and the software that makes the data useful.

(4) Popularity and supported by other software

Because of its simple data model, ease of use, portability, and strong user support infrastructure, netCDF is widely used in earth, ocean and atmospheric sciences. It is a de facto standard, especially in research and academia.

Some other software introduces support for working with netCDF files, such as ArcGIS, GRADS, MATLAB and avs express, etc. All the freely-available and commercial software that can access or manipulate netCDF data are listed at: http://www.unidata.ucar.edu/software/netcdf/software.html'.

6 THREATS 

If selected as a new data format for exchanging meteorological data, it will affect current data producers, data conveyors and application system. It will take time and cost money to upgrade those systems.

(1)Impact on data producers

Data producers will convert collected data into netCDF format and it will take some time to upgrade current system.

(2)Impact on data conveyors

If we use netCDF as the format to convey meteorological data, there must be a transition period in which more than one data expression system (TAC, BUFR, CREX, and netCDF) co-exists to spread single kind of data, adding complexity of the data conveyors.

(3)Impact on data decoding, processing and storage

With regard to data decoding, processing and storage, though there is a standard decode software, we still need to develop new software to deal with decoded data mapping onto current data storage schema.

(4)Impact on data users

There might be impact on user to use the data as well. If end user uses data directly, the data pre-processing software will be modified. If end user uses data from database or unified APIs, there is no impact on data users.

7. CONCLUSION

(1) NetCDF is a common format with the features of self-describing and portable, and widely used in earth, ocean, and atmospheric sciences as the archive and exchange format of meteorological data. CBS could consider netCDF as an optional format for real-time data exchanging. Especially, netCDF benefit transmitting the information to users outside the NMHSs. Because the information requested by the extended users usually is a subset of the data on the GTS and netCDF can provide directly access to any subset of a large dataset efficiently, without first reading through all the preceding data. 
(2) Although netCDF is self-describing, I also think that it needs a common naming convention . It will facilitate the implementation of automatic system which gets the description of data and maps the data to the storage schema.

(3) Maybe, netCDF is not the best describe format for all of the GTS data, but climate model data, NWP forecast data and ASCII data should be our focus. 
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